In C. elegans development, unfavorable growth conditions lead a larva to an arrested and enduring form called a dauer. To elucidate components upstream of DAF-7/TGF-b in this control pathway, we isolated a mutant that was defective in daf-7 promoter::gfp reporter expression and showed an arrested (dauer-constitutive) phenotype. It has a new mutation in the daf-11 gene encoding a transmembrane guanylyl cyclase. We show that daf-11 gene and a related gene daf-21 act upstream of daf-7, and cilium-related genes che-2 and che-3 are placed between daf-11 and daf-7, in the genetic pathway controlling dauer formation. Expression of daf-11 cDNA by cell specific promoters suggests that daf-11 acts cell autonomously in ASI chemosensory neurons for daf-7 expression. q
Introduction
Under favorable conditions, the nematode C. elegans develops continuously through the four larval stages (L1-L4) into the adult. However, when the population density increases and food diminishes, C. elegans forms a developmentally arrested third-stage larva called a dauer larva (Cassada and Russell, 1975) . Environmental signals that influence C. elegans larval development are sensed and interpreted by the nervous system (Bargmann and Horvitz, 1991; Schackwitz et al., 1996) Many genes that regulate dauer formation have been identified. Mutations in most of these genes result in defective dauer formation (Daf-d) or constitutive dauer formation (Daf-c) phenotypes. Daf-d mutants fail to form dauers under dauer-inducing conditions, and Daf-c mutants form dauers even under favorable conditions. These genes have been ordered in a genetic pathway based on gene interactions (Fig. 1 ). This genetic pathway has three known branchesthose for cyclic GMP signaling, TGF-b signaling and insulin signaling (Riddle et al., 1981; Vowels and Thomas, 1992; Thomas et al., 1993; Gottlieb and Ruvkun, 1994; Malone and Thomas, 1994; Riddle and Albert, 1997; Paradis et al., 1999) . The cyclic GMP signaling and the TGF-b signaling act in parallel to inhibit dauer formation (Thomas et al., 1993; Schackwitz et al., 1996) . Genes in the cyclic GMP signaling include daf-11 and daf-21 and are called group 1 genes. Genes in the TGF-b signaling such as daf-1, daf-4, daf-7, daf-8 and daf-14 are called group 2 genes. Among the group 2 Daf-c genes, daf-7 gene which encodes a TGF-b superfamily member (Ren et al., 1996) , is required for continuous development under favorable conditions. daf-7p::gfp is expressed predominantly in the ASI chemosensory neurons. daf-7 transcription is regulated by environmental cues: dauer-inducing pheromone inhibits daf-7 expression and promotes dauer formation, and food activates daf-7 expression (Schackwitz et al., 1996; Ren et al., 1996) . Expression of daf7p::gfp is reduced by a mutation in the kin-8 gene. kin-8 encodes a receptor tyrosine kinase, which may be a component in an intercellular signal transduction pathway controlling daf-7 expression. The kin-8 mutant has a partial Daf-c phenotype, especially when cultivated on an old lawn of E. coli as food (Koga et al., 1999) . These results suggest that daf-7 expression is possibly regulated by intracellular signaling in ASI itself and by intercellular signaling between ASI and other neurons that respond to environmental cues.
To reveal the molecular mechanism which regulates the daf-7 gene expression, we looked for and analyzed mutants defective in daf-7p::gfp expression. The results indicate that: (1) daf-11 mutants are defective in the daf-7 gene expression; (2) the daf-11 Daf-c phenotype is suppressed by daf-7 cDNA expression; (3) daf-11 acts cell-autonomously in the ASI neurons for daf-7 expression; (4) daf-7 expression in the daf-11 mutant is recovered by che-2 or che-3 mutations that lead to defects in sensory cilia. Ren and Riddle (pers. commun.) had independently found that in daf-11 and daf-21 mutants, daf7p::gfp expression was suppressed.
Results

Isolation of mutants defective in daf-7 promoter::gfp expression
Genetic screening was done to search for mutants defective in daf-7 gene expression. About 3 £ 10 3 parent animals carrying an integrated daf-7 promoter::gfp (daf-7p::gfp) reporter gene were mutagenized with EMS and the F2 progeny were treated with 1% SDS to select dauer larvae. The progeny of the survivors were screened for mutants defective in the daf-7p::gfp reporter expression. We isolated three mutants that showed reduced expression of the daf7p::gfp reporter gene in the ASI neurons. One mutant carrying ks67 exhibited little or no GFP fluorescence, and constitutive dauer formation (Daf-c) phenotype. The other two mutants showed reduced but visible GFP fluorescence, and were not clearly Daf-c. These results suggest that the two mutants had been induced to dauers before selection due to some weak mutations they have and to a local, dauer-inducing condition. When these three mutants carrying the daf-7p::gfp were crossed with the wild type, the F1 progeny showed strong GFP expression. This means that the mutant phenotype on gfp expression is due to a mutation on the chromosome, and that the mutations are recessive.
2.2. ks67 is an allele of daf-11 ks67 was mapped near the center of LGV by using an STS mapping method (Williams et al., 1992) , and between dpy-11 and unc-76 by a three factor cross. ks67 did not complement with daf-11(m47) that had been mapped in this region. A genomic fragment of the daf-11 gene amplified by PCR from wild type N2 genome rescued the ks67 mutant phenotype, and a missense mutation of Asp770 (GAT) to Asn (AAT) was found in the predicted guanylyl cyclase domain of the coding region. These results indicate that ks67 is a new allele of the previously identified gene daf-11. daf-11 encodes a guanylyl cyclase, and is expressed in ASI and several other sensory neurons (Birnby et al., 2000) .
Phenotypes of the daf-11 (ks67) mutant
The daf-11(ks67) mutant shows Daf-c phenotype. Both the daf-11(ks67) mutant and a typical daf-11(m47) mutant DR47 produced dauer larvae in about 80% of the F1 progeny, when cultivated on lawns of E. coli as food in 6 cm NGM (nematode growth medium) plates at 258C (Table 1A) . A wild type strain N2 and the rescued animals, daf-11(ks67); , pRF4], did not form a dauer larva under the same conditions (Table 1B) . At 208C, the production of dauer larvae was dramatically reduced in daf-11 (ks67), in contrast to the case of daf-11(m47) ( Table 1A) . The difference in Dafc phenotype between ks67 and m47 is likely to depend on the difference in the molecular nature of their mutant DAF-11 Fig. 1 . The previous genetic pathway model for the dauer formation in the wild type (Riddle and Albert, 1997) . Arrows indicate positive regulatory interactions, and lines ending in bars indicate negative interactions. Insulin signaling pathway also includes other, recently identified genes (Paradis et al., 1999). proteins. ks67 is a missense mutation in the predicted guanylyl cyclase catalytic domain of DAF-11, and it is expected to reduce cGMP generation. On the other hand, m47 is a nonsense mutation in the predicted kinase domain, which leads to entire deletion of the guanylyl cyclase domain in DAF-11 (m47) mutant protein. Therefore, m47 probably reduces cGMP level more extensively than does ks67 mutation, which is the probable reason why m47 shows stronger Daf-c phenotype than ks67 does at 208C.
Expression of the daf-7p::gfp reporter gene was seen in 100% animals in the wild type background (Table 2, Fig. 2 ) and in 84% heterozyous animals daf-11(ks67)/1. The expression of the reporter was invisible in all animals of daf-11(ks67); (Table 2 , Fig. 2 ). The relative amounts of daf-7 mRNA at 258C were measured by RT-PCR in wild type N2 and daf-11(ks67) animals. The daf-7 mRNA level in daf-11(ks67) was approximately 1/8 of that in the wild type N2 (see Section 4 for details). This indicates that expression of the endogenous daf-7 gene is greatly reduced in the daf-11(ks67) animals, and is consistent with the undetected or very low daf7p::gfp expression, in the daf-11(ks67) background. daf-7p::gfp expression was rescued by the introduction of a daf-11 wild-type genomic fragment (Table 2 ). These results indicate that the reduction of daf-7 expression is caused by the daf-11 mutation.
Expression of daf-7 cDNA suppresses Daf-c phenotype of daf-11 and daf-21
A daf-7 cDNA was expressed in the daf-11(ks67) and daf- 11(m47) mutants by the first promoter of kin-8 that directs expression in ASI, ADL, ASH, ASK and other cells (Koga et al., 1999) . The daf-7 cDNA expression completely suppressed the daf-11 Daf-c phenotype (Table 1C) .
However, daf-1 Daf-c phenotype was not suppressed by daf-7 cDNA expression (Koga et al., 1999) . These results suggest that a reduction in daf-7 expression is a reason why daf-11 mutants show Daf-c phenotype. However, as a The fluorescence of GFP was scored under a fluorescence microscope into three grades. Animals were cultured in a 6 cm NGM plate at 258C if not otherwise indicated. Animals carrying the marker gene (pRF4 or plin44p-gfp) were examined to measure the proportion of animals expressing daf-7p::gfp. (A,B) . Bar, 10 mm. All photographs were taken by using a Zeiss Axioplan microscope ( £ 787.5) and an ISO400 color slide film (Provia 400, Fujifilm). In (C,D), the photographs were taken with the exposure time of 30 s. discussed later, daf-11 functions also in another pathway for dauer formation. Therefore, the complete suppression of the Daf-c phenotype is probably due to the overexpression of daf-7 cDNA by the kin-8 promoter.
Another group1 Daf-c gene daf-21 is placed at the same position as daf-11 in the genetic pathway for dauer formation (Thomas et al., 1993, see Fig. 1 ). The daf-21 Daf-c phenotype was also suppressed by the daf-7 cDNA expression (Table 1D) . These results in combination with the reduction of daf-7 gene expression in the daf-11 mutants indicate that the group 1 Daf-c genes daf-11 and daf-21 act upstream of daf-7, a group 2 Daf-c gene.
2.5. daf-11 acts cell-autonomously in the ASI neuron for daf-7 expression daf-11 is expressed in ASI, ASJ and several other sensory neurons (Birnby et al., 2000) . Cell-killing experiments showed that ASI, and ASG or ADF were required to inhibit dauer formation, ASI being more critical (Bargmann and Horvitz, 1991) . Also, ASJ was required for dauer formation in the daf-11 background and for dauer recovery (Bargmann and Horvitz, 1991; Schackwitz et al., 1996) . To determine whether the function of daf-11 in the ASI neurons is sufficient for daf-7 expression, we expressed a daf-11 cDNA specifically in the ASI neurons by using a gpa-4 promoter (Jansen et al., 1999) in daf-11(ks67) animals. About 40% of the daf-11(ks67) animals carrying the gpa-4p::daf-11cDNA recovered the expression of the daf-7p::gfp (Table 2) . Moreover, the production of dauer larvae was reduced (Table  1E ). These results suggest that daf-11 acts cell-autonomously in the ASI neuron for the daf-7 expression and control of dauer formation. To examine this suggestion, we also expressed daf-11 cDNA specifically in the ASJ neurons by using a gpa-9 promoter (Jansen et al., 1999) in daf-11(ks67) animals. Daf-c phenotype in the daf-11 mutant was partially suppressed (Table 1E) . However, the daf-11(ks67) animals carrying the gpa-9p::daf-11cDNA did not recover the expression of the daf-7p::gfp ( Table 2 ), suggesting that daf-11 functions also in ASJ for dauer formation, but not for daf-7 expression.
We also expressed the daf-11 cDNA in both ASI and ASJ neurons of the daf-11(ks67) mutant, by using both gpa-4 and gpa-9, gpa-10 or gpa-14 promoters (Jansen et al., 1999) . gpa-10 is expressed in amphid neurons ASI, ASJ and ADF, and gpa-14 is expressed in ASI, ASJ, ASH and ASK. About 30-40% of the daf-11(ks67) animals carrying both gpa-4p::daf-11cDNA and gpa-9p::daf11cDNA, gpa-10p::daf-11cDNA or gpa-14p::daf-11cDNA recovered the expression of the daf-7p::gfp (Table 2 , sum of strong and weak expressors). Also, the production of dauer larvae was reduced by these transgenes (Table 1E ). The proportion of the daf-7 expressing or dauer forming animals was similar between the transgenic animals expressing the daf-11 cDNA in only ASI and those expressing in both ASI and ASJ.
The reduction of daf-7 gene expression in the daf-11 mutant is recovered by dyf mutations
Animals carrying mutations in che-2 or che-3 genes are defective in dye filling (dyf) to chemosensory neurons (Perkins et al., 1986) , and che-2 and che-3 mutations suppress the Daf-c phenotype of daf-11. Therefore, these genes are located downstream of daf-11 gene in the genetic pathway for dauer formation (Vowels and Thomas, 1992; Thomas et al., 1993 ; Fig. 1 ). To determine whether the suppression by dyf mutations are related to the daf-7 expression, the daf7p::gfp expression in a daf-11(ks67); che-2(e1033) double mutant and a daf-11(ks67); che-3(e1124) double mutant was examined. In 68-87% of the animals, the expression was visible (Table 2) . Therefore, the dyf mutations recover the daf-7 expression in the daf-11 mutant, which may be a reason why the dyf mutations suppress the Daf-c phenotype of daf-11. This indicates that the dyf genes act downstream of daf-11 and upstream of daf-7 in a sequential genetic pathway.
Discussion
One of the mutants obtained in our screen was defective in the expression of the daf-7p::gfp and showed Daf-c phenotype. This mutant was proved to be a daf-11 mutant. When a daf-7 cDNA was expressed in ASI and other neurons, the Daf-c phenotype was suppressed in the daf-11 mutant (Table 1C) . These results indicate that daf-11 is required for daf-7 expression and that the reduction in daf-7 expression is one of the reasons for the daf-11 Daf-c phenotype. As discussed below, daf-11 is thought to have a critical role also in a pathway other than the daf-7 pathway. The reason why daf-11 and daf-21 Daf-c phenotype was fully suppressed by daf-7 cDNA expression driven by a kin-8 promoter (Table 1C ,D) may be that the amount of DAF-7 produced from the transgene is over the physiological level and overcomes the necessity of group1 pathway to suppress dauer formation.
ASI-specific expression of the daf-11 cDNA by gpa-4 promoter rescued, although partially, the daf7p::gfp expression defect and the Daf-c phenotype in the daf-11(ks67) mutant (Tables 1E and 2 ). Thus, daf-11 acts cell-autonomously in ASI for daf-7 expression. ASJ-specific expression of the daf-11 cDNA by gpa-9 promoter significantly rescued the Daf-c phenotype but not at all the daf7p::gfp expression defect in the daf-11 mutant. These results show that daf-11 has functional foci both in ASI and ASJ for dauer formation, and only in ASI for daf-7 expression.
Does daf-11 have foci only in ASI and ASJ? Either ASIspecific expression or ASJ-specific expression of daf-11 cDNA partially suppressed daf-11 Daf-c phenotype, and the suppression was still partial even with daf-11 cDNA expression in both ASI and ASJ. These results may suggest an additional focus of daf-11 other than those in ASI and ASJ. Alternatively, the level of daf-11 cDNA expression by the cell specific promoters may not be high enough for rescue. Also, it is possible that ectopic daf-11 expression in additional amphid neurons, which do not normally express daf-11, might have inhibitory effects for rescue.
Dye-filling defective (dyf) mutations including che-2 and che-3 suppress daf-11 Daf-c phenotype (Thomas et al., 1993) . We showed that the reduction of daf-7 expression in the daf-11(ks67) mutant was recovered by introducing che-2 or che-3 mutations, supporting that the reduction of daf-7 expression is a reason for daf-11 Daf-c phenotype. However, it is not the only reason for daf-11 Daf-c phenotype since, for example, daf-11 Daf-c phenotype is not suppressed by daf-3 or daf-5 mutations, which suppress daf-7 Daf-c phenotype (Thomas et al., 1993) . Furthermore, ASJ-specific daf-11 cDNA expression partially suppresses daf-11 Daf-c phenotype without recovering daf-7 expression. Suppression of daf-11 Daf-c phenotype by a dyf mutation is thought to indicate that dyf genes function in ASJ as well as in ASI.
Based on these arguments, we propose major genetic pathways for the regulation of dauer formation in ASI and ASJ, as shown in Fig. 3 . The difference of our model from the previous model (Fig. 1) is that daf-11 acts upstream of daf-7, and that ASI and ASJ neurons have different pathways for dauer formation. In our model, daf-11 is presumed to act in ASI and ASJ. The ASI pathway is changed as shown, and the ASJ pathway is the same as the previous group 1 pathway.
What is the mechanism for dyf mutations che-2 and che-3 to suppress the daf-11 mutant phenotype? che-2 encodes a novel WD40 protein and che-3 encodes a cytosolic dynein heavy chain (Fujiwara et al., 1999; Wicks et al., 2000) . These dyf genes are required for normal structure of sensory cilia (Perkins et al., 1986) . Therefore, it could be some abnormal structure of sensory cilia, or absence of some signal due to the abnormal structure, that suppresses the daf-11 mutant phenotype. How can abnormal sensory cilia lead to the recovery of the daf-11 mutant phenotype ? It can be explained by models in Fig. 4 . In these models, factor X which inhibits daf-7 expression in ASI and factor Y in ASJ which promotes dauer formation are assumed. X and Y are unknown, and probably not directly related to the dyf gene products. Under non-dauer-inducing conditions, the activity of factor X or Y is repressed by DAF-11 in the wild type.
Therefore, daf-7 expression in the wild type is up-regulated in ASI (A), and the dauer promoting signal is inhibited in ASJ (B). In the daf-11 mutants, as X or Y activity cannot be repressed, daf-7 expression is reduced in ASI (C) and the dauer promoting signal is transmitted in ASJ. In the dyf mutants (D), the functions of factors X and Y are lost together with the loss of the normal sensory cilia. Therefore, dyf mutations suppress daf-11 Daf-c phenotype.
daf-11 is predicted to encode a transmembrane guanylyl cyclase, which is expressed in sensory cilia (Birnby et al., 2000) and is expected to generate a second messenger cGMP from GTP. cGMP may depolarize membrane potential by opening a cGMP-gated cation channel, consisting of TAX-2 and TAX-4 that are known to be expressed in ASI, ASJ, ASK, AWB, AWC, ASG, ASE, AFD and BAG (Coburn and Bargmann, 1996; Coburn et al., 1998; Komatsu et al., 1996 Komatsu et al., , 1999 . Also, cGMP could activate a cGMP-dependent protein kinase (G-kinase) (Vaandrager and De Jonge, 1996) . A G-kinase is predicted by the genome sequencing project, but the function is unknown (cited by Bargmann, 1998) . cGMP-gated channel and G-kinase possibly regulate the activity of factors X and Y in sensory cilia of ASI and ASJ, namely they are likely to act between DAF-7 and X or Y.
Materials and methods
Strains and genetics
The basic methods were used for worm culture and genetics as described by Brenner (1974) . The following strains were used in this work: wild type Bristol strain N2, DR181 unc-60(m35) dpy-11(e224) V, CB2065 dpy-11(e224) unc-76(e911) V, DR47 daf-11(m47) V, JT6130 daf-21(p673)V, CB1033 che-2(e1033)X, CB1124 che-3(e1124)I and the Bergerac strain RW7000.
Plasmid construction
pdaf7-gfp transcriptional fusion was constructed by subcloning a 3.1 kb promoter region of daf-7 (Ren et al., 1996) into the gfp vector pPD95.77 (A. Fire et al., pers. commun.) . pK8I1-gfp, kin-8 second promoter::gfp fusion was used as a transformation marker (Koga et al., 1999) . pK8ETB-daf7c, kin-8 first promoter::daf-7 cDNA fusion was obtained by replacing the gfp region with the daf-7 cDNA in pK8ETB-gfp (Koga et al., 1999) .
plin44p-gfp transcriptional fusion was constructed as follows: 2.6 kb DNA immediately upstream of the lin-44 coding region (Herman et al., 1995) was amplified by PCR. A SphI site and a BamHI site engineered in the PCR primers were used to insert the amplified product into the pPD95.77 GFP expression vector.
pgpa4p-gfp transcriptional fusion was constructed as follows: 2.8 kb DNA immediately upstream of the gpa-4 coding region (Jansen et al., 1999) was amplified by PCR. A SphI site and a BamHI site engineered in the PCR primers were used to insert the amplified product into pPD95.77. pgpa9p-gfp transcriptional fusion was constructed by inserting 2.9 kb DNA immediately upstream of the gpa-9 coding region (Jansen et al., 1999) amplified by PCR into pPD95.77 with SmaI sites engineered into the PCR primers. pgpa10p-gfp transcriptional fusion was constructed by inserting 3 kb DNA immediately upstream of the gpa-10 coding region (Jansen et al., 1999) amplified by PCR into pPD95.77 with XbaI and BamHI sites engineered into the PCR primers. pgpa14p-gfp transcriptional fusion was constructed by inserting 3 kb DNA immediately upstream of the gpa-14 coding region (Jansen et al., 1999) amplified by PCR into pPD95.77 with SphI and BamHI sites engineered in the PCR primers. After pgpa4p-gfp, pgpa9p-gfp, pgpa10p-gfp or pgpa14p-gfp was introduced into FK183(ks67); , their expressions were confirmed under a fluorescent microscope. daf-11 cDNA was made by RT-PCR. pgpa4p-daf11c, pgpa9p-daf11c, pgpa10p-daf11c and pgpa14-daf11c were made by replacing the gfp region with the daf-11 cDNA in pgpa4p-gfp, pgpa9p-gfp, pgpa10p-gfp and pgpa14p-gfp, respectively.
Isolation of mutants defective in the daf-7 gene expression
pdaf7-gfp (50 ng/ml) and a marker plasmid, pRF4 carrying a dominant rol-6(su1006) mutant gene (50 ng/ml) were coinjected into wild type N2 for transformants with an extrachromosomal array. The array was integrated into the genome by UV irradiation (Mitani, 1995) . An integrated line was selected and named as FK181 1 /1;ksIs2[pdaf7-gfp,rol-6(d)]. FK181 animals were mutagenaized with EMS according to a standard protocol (Sulston and Hodgkin, 1988) . The F2 progeny were treated with about 1 ml of 1% SDS on 6 cm NGM plates. Surviving dauer larvae were transferred individually, and allowed to self-fertilize. Then, plates were selected on which most animals had no or little GFP fluorescence in ASI under a fluorescence microscope. From a screen of 6 £ 10 5 mutagenized genomes, three mutants were isolated, and back-crossed two or three times with N2. pdaf7-gfp (50 ng/ml) was injected with plin44p-gfp (50 ng/ml) as a marker into ks67 mutant. A transgenic line FK183(ks67); was obtained. 
daf-7p::gfp expression
In the experiments of Table 2 , two young adult hermaphrodites were cultured on 6 cm NGM plates for 2-3 days at 258C. F1 animals at L2 stage were selected at random and examined under a fluorescent microscope. pdaf7-gfp (50 ng/ ml) was injected with plin44p-gfp (50 ng/ml) as a marker into wild type N2. The animal was used as a wild type carrying daf7p::gfp. Heterozygous ks67/1 animals were produced by crossing FK183 hermaphrodites with N2 males.
Dauer formation assay
In the experiments for Table1, 10-100 adult hermaphrodites were allowed to lay eggs for 3 h on a 6 cm NGM agar plate with E. coli OP50. After the parental animals had been removed, plates were incubated either for 2 days at 258C or for 3 days at 208C. Then, total worms, dauer and non-dauer (L3 to adult) F1 progeny carrying injection marker gene were counted separately.
4.8. Construction of daf-11(ks67);che-2(e1033) double mutant and daf-11(ks67);che-3(e1124) double mutants
To construct a daf-11; che-2 double mutant, che-2(e1033) hermaphrodites were mated with daf-11(ks67)/1; Ex[daf7p::gfp] males. che-2 mutant is defective in dye-filling (Dyf phenotype), (Fujiwara et al., 1999) . The F2 animals were examined for dye-filling, and Dyf animals were selected. After the Dyf animals were allowed to lay eggs for 1 day, the daf-11 gene of the Dyf animals were sequenced. The Dyf animal with ks67 mutation was obtained as daf-11(ks67); che-2 (e1033) double mutant. daf-11(ks67); che-3 (e1124) double mutant was made in a similar way.
The measurement of the level of daf-7 mRNA
Total RNA was prepared from the wild type N2 and the daf-11(ks67) mutant cultivated at 258C by using TRIZOL (GIBCO. BRL) reagent. A 66 ml reaction premixture was prepared by combining Ready-To-Go You-Prime FirstStrand Beads (Amersham Pharmacia Biotech), 40 pmol of a daf-7 primer (5 0 -TGCGC CCGTC GAGCA TTGCC) and an eft-3 primer (5 0 -GCGAT ATCGA TGGTG ATACC), and water. Thirty-one microliters of the premixture was mixed with 2 ml (5 mg) of the total RNA of N2 or daf-11, and incubated at 378C for 1 h to produce cDNA. PCR was performed by using 3 ml template cDNA, SYBR w Green Master Mix (Applied Biosystems) and the primers for the daf-7 cDNA, a 25-mer sense primer (5 0 -TCAGC ATTCA ACTTC CAATT GATAC) and a 23-mer antisense primer (5 0 -CGGAG AAATT GTGAA CCAAC TTT) or those for the eft-3 cDNA, a 21-mer sense primer (5 0 -AGGCT CAGGA GATGG GTAAG G) and a 19-mer antisense primer (5 0 -GCTTG TCGAG GACCC AAGC), which was an internal control. Amount of the PCR product was measured by Sequence Detection Systems 5700 (Applied Biosystems). The cycle numbers at the fluorescent intensity of 0.1 in exponential PCR growth were measured (eft-3 cDNA from N2, 15.1^0.0586; eft-3 cDNA from daf-11(ks67), 15.40 .108; daf-7 cDNA from N2, 34.4^0.380; daf-7 cDNA from daf-11(ks67), 37.5^0.372). When the template for the PCR was reduced to a half, the cycle number required to reach 0.1 intensity increased by 1.06^0.167. Therefore, the one cycle difference corresponds to two times difference in the amount of the cDNA present before PCR.
